Aim To describe the case of a 32-year-old infertile male with small supernumerary marker chromosome (sSMCs) in 80% of peripheral lymphocytes. Methods G-banding, C-banding, STRP analysis, M-FISH and molecule diagnosis of Y-chromosomal microdeletions were performed to determine the origin of sSMCs.
Introduction
Small supernumerary marker chromosomes (sSMCs) are reported in 0.043% of newborn infants [1] . sSMCs are structurally abnormal chromosomes that cannot be identified or characterized unambiguously by conventional banding cytogenetics alone, and are (in general) equal in size or smaller than a chromosome 20 of the same metaphase spread [1] . It is difficult to correlate a particular marker chromosome with a particular phenotype because of the wide variety of marker chromosomes. We know little about small supernumerary marker chromosomes in humans so far.
We recently found an infertile male who showed a karyotype seeming to be a trisomy 21 because of the marker chromosome in the same size of G group. However, no positive result was obtained when we used various techniques to identify the origin of this marker chromosome.
Materials and methods

Clinical data
A 32-year-old male was referred because of infertility. He was born at term and was well at birth. He always felt faint and experienced shortness of breath when he exercised, which limited his athletic activities. However, no conclusive result was obtained in cardiopulmonary examinations. Several lipomas (about 40×50 mm 2 ) were found in his waist and scapulars. Azoospermia was diagnosed with sperm examination. Neurological examination did not demonstrate any neurological abnormal signs. The chromosome karyotypes of his parents were unavailable because his father had deceased and his mother refused to be taken blood for test. No family history could be traced.
Conventional cytogenetic analysis
For the preparation of the metaphase cells, we used standard cytogenetic procedures [2] . Then conventional protocols were used for G-banding and C-banding.
Short tandem repeats polymorphism (STRP) analysis
Genomic DNA was extracted from peripheral blood using QIAamp DNA blood mini kit (Qiagen, Germany) according to the manufacturer's instructions [3] . The five STRP markers on chromosome 21 were selected for the copy number analysis with multiplex PCR (the primer sequences are shown in Table 1 ) [4] . PCR amplification was performed in 25 µL volumes for 30 cycles (PTC-200 peltier thermal cycler, Bio-RAD). The PCR products were analyzed by vertical denaturing polyacrylamide gel electrophoresis with 1×TBE and visualized by silver staining. USA). They were in a combinatorial label format to provide 24 distinct colors when analyzed with the SpectraVysion Imaging System (Cytovison3.9, AI Company). The special chromosome painting probes for chromosomes 15 and 19 were used for retesting the result of M-FISH. The painting probes for the two chromosomes were gifts from Dr Hervé Avet-Loiseau, Laboratoire de Cytogenetique Hematologique, Centre Hospitalier Universitaire de Nantes, France. The probes were labelled by SpectrumGreen-dUTP, SpectrumRed-dUTP (Roche, Germany) with nick translation tagging technique (Vysis USA).
Molecular diagnosis of Y-chromosomal microdeletions
The molecular diagnosis of Y-chromosomal microdeletions was performed with following STS primers: sY84, sY86 (AZFa); sY113, sY116, sY127, sY134 (AZFb); and sY254, sY255 (AZFc), which were routinely used for testing in male infertility with azoospermia or severe oligozoospermia [5] .
Results
Chromosome G-banding unveiled that the index case had the karyotype 47, XY, +mar/46, XY. The marker chromosome was approximately the size of a G-group chromosome and appeared in 80% of peripheral lymphocytes observed (Fig. 1a, b) . The test on five high polymorphism markers of STRs for chromosome 21 showed no evidence that it was a trisomy 21.C-banding result showed that the marker was composed of C-band positive heterochromatin without visible euchromatic material (Fig. 1c) . The results of M-FISH suggested that the sSMCs lacked hybridization with all fluorochrome painting-probes in original image. It was negative for all chromosome-specific sequences (Fig. 1d, e) . Nevertheness, the analysis with imaging software showed that sSMCs in two metaphase spreads seemed to have parts of homologous sequences with normal chromosomes, one mainly derived from chromosome 15 and the other from chromosome 19 (Fig. 1f, g ). However, FISH analysis with the special painting probes for chromosomes 15 and 19 presented a negative result in the marker chromosome. (Fig. 1h) . No Y-chromosomal microdeletion could be found with the deletion analysis of STS known to define the regions of AZFa, AZFb and AZF.
Discussion
We report a 32-year-old infertile male with mitotic stable small supernumerary marker chromosomes (sSMCs) containing only heterochromatin in 80% of peripheral lymphocytes. We analyzed carefully twelve metaphase spreads with M-FISH. The hybridized signal of normal chromosomes was clear and visible.
M-FISH kit contains whole chromosome painting probes and Cot-1 DNA, which blocks chromosome-nonspecific sequences during hybridization. The lack of hybridization with the painting probes suggests that no homologous sequences or few unique sequences exist in sSMCs. Twenty four kinds of centromeric probes are used to determine the origin of the marker chromosome. However they cannot give any information about the chromosome-specific expression sequences.
Several laboratories also reported that the chromosome markers can not be hybridized by chromosomal painting probes. Mackie Ogilvie C et al showed that a sSMC was negative for whole chromosome libraries, centromeric probes, chromosome specific telomere regions, and the Cbanding [6] . It supposed that the sSMC might represent a multifold amplification of a very small region of the genome, analogously to that have been seen in homologously staining regions (HSRs) and double minutes (DMs) described in some types of tumour cells [7] [8] [9] [10] . Liehr T et al have reported a patient from whom the similar results were obtained [11] .They suggested that a minority of sSMC show similarities to B-chromosomes.
In our report, the patient who carried a small supernumerary marker chromosome had infertility as a primary symptom. The marker chromosome was made of heterochromatin only. Whether the sSMC is a cause of infertility or a coincidental finding is still a question. Klinefelter syndrome and Y chromosomal microdeletion has been excluded for this case. We suspect the marker chromosome could have a role in infertility.
The sSMCs with the regions of chromosome 15 or 20 have been reported with male infertility [12, 13] , which indicates that male infertility may have no direct relation with genetic abnormity of specific genes. However, the frequency of sSMCs detected in infertile patients is higher than that in general population (0.125% versus 0.043%) [14] , and it is also different between male (0.165%) and female infertility (0.022%). sSMCs are preferentially maternally transmitted [15] , suggesting either a reduced fertility in male carriers or that the marker is excluded in spermatogenesis.
Increasing evidences show the role of this supernumeral chromosome in infertility. Eggermann and his colleagues reported that six infertile carriers of heterochromatic sSMCs, five of whom suffered from azoospermia [12] . The other one presented with a severe OAT syndrome and had a history of a seminoma. They also have studied the sperms of an infertile male with supernumerary marker derived from chromosome 15, and found that more than 82.7% of sperm are unisomic, 17% disomic and 0.3% trisomic with respect to chromosome 15. A study of meiotic segregation in the sperms of two men with sSMCs also showed a significantly increased frequency of aneuploidy in the sperms compared to that in control donors [16] . The marker chromosome could disrupt normal disjunction by pairing with a similarly sized chromosome. Pairing failure at meiosis has been postulated as the cause of gametogenic arrest in gametes with balanced chromosome rearrangements and unbalanced chromosome constitutions [17] , with male gametogenesis being more vulnerable. Additionally, autosomes with numerical and constitutional abnormalities are common causes of male infertility [18] [19] [20] , such as Down syndrome [21] . It suggests that pairing failure may be a common mechanism in male infertility.
On the other hand, some evidences showed no increased risk for trisomic offspring or spontaneous abortion when one of the parents carries sSMC [22] . Liehr et al suggested that the individuals with infertility might not be regarded as clinically abnormal as this condition could be multifactorial and would not be due to the presence of sSMC alone [23] .
On the study of this case, we suggest that sSMC without euchromatin could have a role in male infertility and might affect the gametogenetic process by interacting with other factors. However, the correlation between the phenotypes, lipomas and shortness of breath when exercising, and sSMC remains to be clarified.
